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ABSTRACT 

This interim report covers the four-month period from October, 

1966 until January, 1967, during which time the Space Sciences 

Laboratories of Litton Systems, Inc. have fulfilled Phase B of 

the program. 

investigation: 

Phase B was primarily concerned with 4 areas of 

1. 

2. 

Development of prototype one-atmosphere glove. 

Final design and fabrication of all components for a 
I 

prototype one-atmosphere arm. 

3. 

4. Initiate quality assurance procedures. 

The performance and completion of these tasks is described. 

Development of a differentially-pumped overglove system. 

Test data are included in Appendix A. 

! 

I ,  

c 
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INTRODUCTION 
i 

Under t h e  terms of Cont rac t  NAS 9-5872, L i t t o n  undertook t o  

develop a one-atmosphere glove system w i t h  a v e r y  l o w  leak rate 

capable of performing i n  vacuum chambers maintained a t  a p r e s s u r e  

of Torr .  

Phase A of t h e  program w a s  completed i n  September, 1966 and 

concerned itself w i t h  determining t h e  optimum c o n f i g u r a t i o n  of 

a l l  components. 

Th i s  report describes t h e  work performed i n  Phase B of t h e  

work schedu le  i n  which t h e  des ign  and f a b r i c a t i o n  of two proto- 

type, one-atmosphere a r m  systems w a s  completed. The system 

comprised a pair  of o p e r a t i o n a l  arms and a pair  of overgloves.  

An a d d i t i o n a l  t a s k  of the program w a s  t o  i n i t i a t e  q u a l i t y  a s s u r -  
0 # 

yance documentation. The recommended r e v i s e d  work schedule  is 
.) 

reprohuced fo r  r e f e r e n c e  i n  F igure  1. 

The completed a r m s  w e r e  demonstrated t o  NASA personnel  a t  

t h e  Phase B d e s i g n  review h e l d  a t  L i t t o n  on Janua ry  30, 1967. 
! 

The overg loves  w e r e  on ly  p a r t i a l l y  completed a t  t h e  des ign  

review meet ing;  however, they  are expec ted  t o  be f i n i s h e d ,  tested, 

and  shipped a t  or nea r  t h e  same t i m e  as t h e  p ro to type  arms. 

The work g loves ,  made of k n i t  s t a i n l e s s  steel fabric,  are 

not part of the prototype system; however, t hey  w i l l  be f u r n i s h e d  

w i t h  the  f i n a l  system. 

c 

The fo l lowing  paragraphs describe t h e  work performed dur ing  

'\ 
0 Phase B of t h e  program. 
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PHASE B 

- -  - - - --1 -~ - I - - _ ~  ----=---- ~ - 

1 Glove Development 

A t  t h e  des ign  review marking the  cu lmina t ion  of Phase A 

of the p r o j e c t  the  f i r s t  pro to type  g love  w a s  demonstrated a t  a 

p r e s s u r e  d i f fe ren t ia l  of one f u l l  atmosphere i n  the  presence  of 

NASA r e p r e s e n t a t i v e s .  

The g love  w a s  considered t o  have performed s a t i s f a c t o r i l y ;  

however, i t  w a s  noted tha t  there w a s  scope f o r  improvement i n  

one o r  t w o  areas. 

An i n t e n s i f i e d  r edes jgn  e f f o r t  w a s  made i n  t h e  area of 

g love  development du r ing  Phase B of  t h i s  program. The p r e s s u r -  

izable breadboard model of t h e  glove, demonstrated p rev ious ly  

a t  t h e  Phase A des ign  review, w a s  used as a guide f o r  f u r t h e r  

development. Mobil i ty  models of v a r i o u s  des igns  f o r  t h e  g love  

w e r e  c o n s t r u c t e d  t o  determine whether t he  r e q u i r e d  mobi l i ty  

cou ld  be achieved.  S p e c i a l  a t t e n t i o n  w a s  g iven  t o  i n c r e a s i n g  

thumb mobi l i ty .  One des ign  t h a t  w a s  i n v e s t i g a t e d  included two 

r o t a r y  seals a t  t he  thumb whose p lanes  were o r i e n t a t e d  so as t o  

p e r m i t  mob i l i t y  similar t o  t h a t  which is a f f o r d e d  the a r m  a t  

the upper a r m  t r a n s i t i o n .  However, a two-axis r o l l i n g  convolu te  

c 

thumb j o i n t  concept  demonstrated that  t h i s  approach w a s  more 

c o n s i s t e n t  w i t h  t h e  des ign  goa ls  of mobi l i t y ,  ease of f a b r i c a t i o n ,  

4 I 
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and cos t .  

ated the fol lowing improvements over t ha t  of the p rev ious ly  de- 

s igned glove w i t h  r o l l i n g  convolute-thumb -gjoints_;, __ ' -  - 

A new mobi l i t y  model w a s  t h e r e f o r e  made which incorpor-  ._ . 

1. 

2. 

3. 

The thumb j o i n t  w a s  redesigned t o  inc lude  two r o l l i n g  

convolu tes  f o r  mobi l i ty .  Add i t iona l ly ,  t he  thumb j o i n t  

w a s  r e p o s i t i o n e d  on t h e  palmar s h e l l .  

The first metacarpal  j o i n t  w a s  reconf igured  s l i g h t l y  and 

a l s o  en larged .  The hinge/pivot sys t em f o r  t h e  f irst  m e t a -  

c a r p a l  j o i n t  w a s  designed t o  inc lude  a n  o f f s e t  conf igu ra -  

t i o n  t o  avoid 'obstruct ion of the  r o l l i n g  convolute .  Th i s  

des ign  w a s  subsequent ly  incorpora ted  i n t o  the  thumb j o i n t .  

The palmar s h e l l  element w a s  modified t o  f i t  t h e  hand 

more c l o s e l y .  

I 

D e t a i l  drawings of t h e  component p a r t s  of  the glove w e r e  

completed i n  D e c e m b e r .  

problems were experienced i n  shaping the  s t a i n l e s s  steel sheet 

Mandrel f a b r i c a t i o n  w a s  ha l t ed  when 

b y  the convent iona l  method of hand hammering. The tendency of 

t h e  s t a i n l e s s  steel t o  work harden r a p i d l y ,  and t h e  smal lness  

of the radii i n  t h e  parts l e d  t o  t h e  d e c i s i o n  t o  u s e  a l t e r n a t i v e  

i 

methods. For t h e  metacarpal  r i n g  a drawing d i e  w a s  designed. 

5 



Two methods of f a b r i c a t i o n  were under c o n s i d e r a t i o n  for machining 

the  l a r g e  thumb r ing .  The f i r s t  method w a s  a 3-D m i l l i n g  process ,  

whereby t h e  r i n g  i s  machined from one piece o f  s t o c k ;  t h e  o t h e r  

w a s  t o  machine t h e  r i n g  i n  two pieces and then  weld t h e  parts to -  

ge  t h e r  . 
Both methods o f  thumb r ing  f a b r i c a t i o n  progressed  concur ren t ly  

u n t i l  such  t i m e  i t  w a s  assured  t h a t  t h e  r i n g  could be machined 

s u c c e s s f u l l y  us ing  t h e  3-D mil l ing  process .  The u s e  o f  the o t h e r  

method o f  f a b r i c a t i o n  w a s  discont inued.  The des ign ,  i n  which t h e  

emphasis w a s  on optimum mobi l i ty ,  has  however, proved t o  be d i f f i -  

c u l t  t o  manufacture . 
The s m a l l  thumb r i n g  w a s  made by an  end-mi l l  p rocess .  The 

aluminum palmar shel ls  w e r e  fabricated on epoxy mandrels. 

The r equ i r ed  parts f o r  two complete g love /wr is t  assemblies 

w e r e  completed as i l l u s t r a t e d  i n  Figure 2 and a t t a c h e d  t o  t h e  

t w o  p ro to type  a r m s .  The r i g h t  hand g love /wr is t  assembly w a s  

t e s t e d  i n  a vacuum chamber at one-atmosphere of p r e s s u r e ,  t h e  

r e s u l t s  o f  which demonstrated that t h e  g love  has  s a t i s f a c t o r y  

mob i l i t y  and s t r u c t u r a l  i n t e g r i t y .  The tes t  d a t a  are found i n  

Appendix A. 

6 
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Figure 2 LRL Glove/Wrist Assembly 
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2. A r m  J o i n t s  and S h e l l  EllSments 

A l l  components f o r  two LRL a r m s  w e r e  completed and assembled 

as i l l u s t r a t e d  i n  Figure 3. The LRL a r m s  d i f f e r  from t h e  RX-3 

des ign  p r i n c i p a l l y  i n  t h e i r  s t r u c t u r a l  characteristics. 

\ 

They are 

designed f o r  s u b s t a n t i a l l y  inc reased  s t r e n g t h  because t h e  c o n t r a c t  

requirements  are t h a t  t h e r e  w i l l  be no y i e l d  a t  20 p s i  o r  s t r u c -  

t u r a l  f a i l u r e  a t  25 psi .  Mobili ty range is  i d e n t i c a l  w i th  t h a t  of ' 

t h e  RX-3. 

The e x i s t i n g  RX-3 hinges  f o r  t he  elbow j o i n t  and w r i s t  j o i n t  

w e r e  n o t  designed f o r  ope ra t ion  i n  a one atmosphere environment, 
J 

consequent ly ,  a redes ign  e f f o r t  w a s  r equ i r ed .  The new hinges 

w e r e  made i n  a double c l e v i s  conf igu ra t ion  from 7075-T6 aluminum. 

The p i v o t  p i n s  w e r e  made f r o m  17-4 H900 s t a i n l e s s  steel. A s t r u c -  

I 

t u r a l  a n a l y s i s  of t h e  hinge design has  shown t h i s  change t o  be 

acceptable f o r  l oads  encountered whi le  ope ra t ing  i n  a one-atmos- 

phe re  environment. Addi t iona l ly ,  t h e  r o l l - p i n  type  o f  p i v o t  

r e t a i n e r s  w e r e  rep laced  b y  a simpler and more e f f e c t i v e  m e t a l  

c l ip .  

The shoulder  j o i n t  r i n g s  were machined from 17-4 PH condi- 

t i o n  A s t a i n l e s s  steel forg ings  t h a t  w e r e  t hen  h e a t  t r e a t e d  t o  

c 

8 
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a H900 condi t ion .  The p i v o t s  are s t a i n l e s s  steel  rod end bea r ings .  

r No  changes were made i n  the  des ign  of the  r o t a r y  seals, which 

remain i d e n t i c a l  w i t h  those  used  on t h e  RX-3 pressure s u i t ,  w i t h  

! 
i t he  except ion  t h a t  vespe l  balls w e r e  s u b s t i t u t e d  f o r  the Lexan 

balls, 

requirement from 3.7 psia t o  14.7 p s i a .  

::: 
T h i s  w a s  due  t o  t h e  i n c r e a s e  i n  t he  d i f f e r e n t i a l  pressure 

, 
I ._ . 

Shell  e lements  are e s s e n t i a l l y  unchanged from t h e  RX-3 de- 

- - -  - ----_ __-  - - -  - _- - s ign .  - ---_ 

! A test f ix ture  w a s  designed and cons t ruc t ed  t o  pressure 

' test bo th  the  a r m  assemply and/or the  overglove. 

s imula t e s  t he  LRL chamber inne r  and o u t e r  w a l l s .  

Th i s  f i x tu re  

! 

1 An assembled a r m  w a s  success fu l ly  demonstrated at  one a t -  

mosphere o f  pressure t o  NASA personnel  a t  t h e  Phase B des ign  

review meeting he ld  a t  L i t t o n  on January 30, 1967. 

Add i t iona l ly ,  t he  l e f t  arm w a s  s u c c e s s f u l l y  tested a t  a 

proof p r e s s u r e  of  20 p s i g ,  The tes t  data are found i n  Appendix 

A. 
* 

The two LRL a r m  systems are expected t o  be s e n t  t o  NASA i n  I 

February,  



. 
I 

3. 

A of  

Over 4 1 ove D e  ve 1 opme n t 

A t  t he  des ign  review that w a s  h e l d  a t  the conclus ion  o f  Phase 

t h e  program, permiss ion  w a s  g ran ted  t o  u s e  Viton A f o r  the 

I 

exposed su r face  o f  the overglove w i t h  the s t i p u l a t i o n  t h a t  the 

work glove i tself  be made o f  e i t h e r  FEP t e f l o n  o r  k n i t t e d  s t a i n -  

less s teel  c l o t h .  

It w a s  decided t h a t  the hand segment of t he  Viton A over- 

g love  could be made best by using a dip forming technique.  The 

DuPont Fabr i c s  D iv i s ion  w a s  contac ted  f o r  p e r t i n e n t  information.  

The recommended d i p p i n g  s o l u t i o n s  w e r e  ordered. 

t h a t  t h e  completed hand segment would be bonded t o  the  main 

s l e e v e  of t h e  overglove which would be cons t ruc t ed  from Viton-A 

It w a s  decided 

impregnated nylon fabric. 

The s i z e  of the main s l eeve  of the overglove w a s  determined 

f r o m  a mockup LRL inner a r m  mounted. i n  a s i m u l a t e d  LRL chamber. 

Inexpensive fabric w a s  used f o r  development of  the p a t t e r n .  , '  

Because the  f i n a l  s i z e  of the overlgove and work glove 

depended on the  f i n a l  s ize  of t h e  pressure g love ,  the  f i b e r g l a s s  

m o b i l i t y  model o f  t he  glove assembly w a s  used as a p a t t e r n  t o  
D : !  

I 
c o n s t r u c t  a l e f t -hand  master mandrel f o r  the overglove (see F igure  



4). This  mandrel w a s  made of epoxy. 

I n  o rde r  t o  e x a c t l y  reproduce t h e  features o f  t h e  lef t  hand 

master mandrel i n  bo th  l e f t  and r i g h t  hand forms, a mult 'iple 

s p i n d l e  ca rve r  w a s  used. The r e s u l t i n g  wooden forms w e r e  u sed  

t o  make molds f o r  t h e  f i n a l  l e f t  and r i g h t  hand d ipping  t o o l s .  

An experimental  d i p  was made from t h e  o r i g i n a l  epoxy master man- 

d r e l  t o  prove t h e  design.  I n  t h e  event  t h a t  any mod i f i ca t ions  

w e r e  i n d i c a t e d ,  i t  would b e  a simple matter t o  recontour  the 

wooden forms . 
Drawings w e r e  compgeted f o r  assembly j i g s  t o  form t h e  upper 

a r m  end of  t h e  overglove and f o r  bonding t h e  dipped p o r t i o n  t o  t h e  

.? - *  impregnated fabric por t ion .  These j i g s  w e r e  completed i n  January.  

T e s t s  w e r e  conducted t o  determine t h e  best method of bonding 

t h e  dipped g love  t o  t h e  impregnated fabric s l eeve .  The test d a t a  
. .  

are t o  be found i n  Appendix A. Tes t  r e s u l t s  i n d i c a t e d  t h a t  a one- 

i n c h  lap j o i n t  bonded with Caram V641D Viton adhesive would m e e t  
__- __ -~ - - --< -- 

- --- ~ 

c 

t h e  requirement.  I 

Completion of t h e  overglove was delayed due t o  the n e c e s s i t y  

o f  recontour ing  the dipping mandrels s l i g h t l y  'md as a r e s u l t  

t h e  overgloves were not  submitted f o r  i n s p e c t i o n  at t h e  des ign  

1 7  



\ 

. . . .  
. . .  _ _  . ...... - .  

Figure 4 Left-hand Master Mandrel f o r  Overglove 
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review. The overgloves w i l l  be completed e a r l y  i n  March. 

4; Work Glove 

The p r e r e q u i s i t e  t h a t  s t a i n l e s s  steel  and t e f l o n  a l o n e  would  

be permitted t o  c o n t a c t  t h e  sample o r  i n t e r i o r  of  t h e  vacuum sys -  

t e m  w a s  relaxed t o  a l low the u s e  o f  Viton A f o r  t h e  overglove. 

However, t h e  work g love  i t s e l f ,  encasing the hand and w r i s t ,  w a s  

s t i l l  r equ i r ed  t o  be made of FEP t e f l o n  o r  s t a i n l e s s  s teel  k n i t t e d  

fabric. 

development of a w r i s t  l e n g t h  g love  o f  these materials. 

A research e f f o r t  w a s  consequent ly  directed towards t h e  

P a r a l l e l  developmeatal programs w e r e  conducted employing 

bo th  s t a i n l e s s  steel k n i t  and dip-formed t e f l o n  f o r  subsequent 

u s e  i n  t h e  g love .  The r e s u l t s  are d i scussed  below. 

1. Teflon Work Glove 

The heat s e a l i n g  of  t e f l o n  f i l m ,  accomplished during 

Phase A, w a s  u n s a t i s f a c t o r y  because of t h e  nonuniform char- 

.'r 

.. . acter of t h e  weld.  The problem o f  forming t e f l o n  i n t o  con- 

tou red  shapes remains a d i f f i c u l t  one; however, t he  fact 

t h a t  t h e  non-permeabili ty requirement -no- longer:+jjlies - 
~- -- - 

! 

t o  t h e  work g love  i t s e l f  prompted i n v e s t i g a t i o n  i n t o  the  

p o s s i b l e  dip-forming of tef lon .  

14 



The DuPont Dispersions r e g i o n a l  o f f i c e  i n  Burlingame, 

C a l i f o r n i a ,  w a s  approached f o r  t e c h n i c a l  a s s i s t a n c e  i n  t h e  

1 
development of a work glove using t e f l o n  dip-forming tech-  

niques.  

It w a s  found t h a t  no technique had y e t  been developed 
- .  _ - _  - - - - _  - - --=--- 

t h a t  a l lows  s a t i s f a c t o r y  removal of  t h e  membrane from t h e  

mandrel. Never the less ,  t h e  e f f o r t  admit ted o f  f e a s i b i l i t y  

under t he  proper  condi t ions .  Of major importance i s  t h e  

n e c e s s i t y  f o r  a very high degree of  smoothness on the  s u r -  

face of t h e  dipping mandrel. 

A chrome p l a t e d  mandrel w a s  fabricated f o r  exper imenta t ion  

i n  dip-forming t e f l o n .  A t e f l o n  d i s p e r s i o n  s o l u t i o n  w a s  re- 

ce ived  from DuPont, and s e v e r a l  d i p s  w e r e  made. 

Experiments showed t h a t  a dip-formed t e f l o n  work g love  

i s  not  feasible a t  t h i s  t i m e  (see Figure  5) .  

It w a s  found t h a t  t h e  t e f l o n  d i s p e r s i o n  would no t  s i n t e r  

p rope r ly .  Furthermore, t h e  t e f l o n  could no t  be  s u c c e s s f u l l y  

removed from t h e  mandrels. 

2 .  S t a i n l e s s  Steel  Knit  Work Glove 

The u s e  o f  s t a i n l e s s  steel k n i t  o r  weave had been 

c 
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Figure 5 Mandrel with dip-formed t e f l o n  
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s e r i o u s l y  cons idered  early i n  Phase A of the  program. 

t h a t  t i m e  i t s  proposed use  w a s  f o r  t h e  whole overglove,  and 

e n t a i l e d  impregnating the  s t a i n l e s s  s teel  mesh w i t h  t e f l o n  

t o  p rov ide  p r e s s u r e  i n t e g r i t y .  

A t  

Fabr ic  Research Labora tor ies ,  Inc. of Dedham, 

Massachusetts f e l t  t h a t  it would be p o s s i b l e  t o  k n i t  a glove 

from s t a i n l e s s  steel  monofilament f i b e r s ,  b u t  because of  p i n  

ho le s  i n  t h e  t e f l o n  impregnation impermeabi l i ty  w a s  hard t o  

achieve  and the  matter was not  pursued. 

With t h e  changed requirement t h a t  rendered t h e  work 

glove independent of t h e  p r e s s u r e  barrier, i n v e s t i g a t i o n s  

i n t o  s t a i n l e s s  steel  f a b r i c  w e r e  reopened. 

A sample c l o t h  woven from MF-A1-12/90/72 s t a i n l e s s  

- 
steel yarn  (manufactured by  the  Brunswick Corpora t ion)  w a s  

(. 

D 

examined b y  L i t ton .  It w a s  cons idered  s a t i s f a c t o r y  f o r  a n  

a b r a s i o n  r e s i s t a n t  work glove.  

RFQ's w e r e  i s s u e d  t o  s e v e r a l  companies whose competence 

i n  t h e  k n i t t i n g  f i e l d  i s  recognized.  The response from 

Technica l  Wire Products ,  I n c . ,  Cranford,  New J e r s e y  seemed 

p a r t i c u l a r l y  promising. They proposed t o  f a b r i c a t e  w r i s t  



' 0  
l eng th  g loves  from k n i t t e d  s t a i n l e s s  s teel  fabric. The fabric 

has t h e  t e x t u r e  of so f t  co t ton ,  is a b r a s i o n  r e s i s t a n t ,  f l e x i -  

b l e ,  and can  be worked by the  u s u a l  cut-and-sew techniques .  

A sample k n i t  s t a i n l e s s  steel c l o t h  from t h e  Technica l  

Wire Products  Company i n d i c a t e d  t h a t  t h e  c l o t h  would be s u i t -  

able f o r  making t h e  work' glove. L i t t o n  i n t e n d s  t o  p l a c e  a 

purchase o r d e r  f o r  a p a i r  of gloves  as soon as a glove  

p a t t e r n  is devised .  The glove p a t t e r n  is expected t o  be 
'\ 

completed e a r l y  i n  February. 

Prepared b 

Approved by 4 . 4  &L 
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LRL TEST REPORT NO. 1 

T e s t :  LRL Glove/Wrist A s s e m b l y  - 
Type : Mobil i ty  and General Evaluat ion 

D a t e  : January 30, 1967 - 
Procedure Reference : LRL Test  S p e c i f i c a t i o n  No. 1 

R e s u l t s  
- - - _ _  -- - - _  

--L- - -  - _  - 

The g love  metacarpal j o i n t  e x h i b i t e d  good mob i l i t y  and 

very low r e s i s t i v e  torques .  The t w o  thumb j o i n t s  performed q u i t e  

w e l l ,  though it  should be noted t h a t  n e i t h e r  thumb convolu tes  de- 

ployed i n  an optimum corxstant volume manner. 

I n  g e n e r a l ,  t h e  g love  a f f o r d s  good mobi l i t y  a t  one at-  

mosphere p r e s s u r e  d i f f e r e n t i a l ,  whi le  r equ i r ing  ope ra to r  e f f o r t  

w e l l  w i t h i n  acceptable l i m i t s  (see Figure  6 ) .  

Conclusions 

The LRL pro to type  glove/wris t  assembly, as demonstrated 

a t  t h e  Phase B des ign  rev iew meeting, proved t o  be q u i t e  satis- 

f a c t o r y  f o r  u s e  i n  a one-atmosphere p r e s s u r e  d i f f e r e n t i a l  en- 

vironment. 

20 
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Figure 

. . . . . - . . . 

6 - LRL Wris-t/Glove Assembly  at One Atmosphere 
Pressure Differential 
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LRL TEST REPORT NO. 2 

T e s t  : LXL Inner A r m ,  Complete 

Type : Leak R a t e  

D a t e  : January 29, 1967 - 
Procedure Reference: LRL T e s t  S p e c i f i c a t i o n  No.  2 

R e s u l t s  

Following t h e  20 p s i  s t r u c t u r a l  tes t ,  t h e  l e a k  rate w a s  

measured a t  21 cc/min a t  14.7 p s i  using f low meters calibrated 

t o  read i n  SCC at 5 p s i .  This  conve r t s  t o  2 1  x - = 32 scc/ 29 4 
19.7 

min at  14.7 p s i  when co r rec t ed  f o r  t h e  inc reased  p r e s s u r e .  
I 

This  i s  w e l l  w i t h i n  t h e  c o n t r a c t u a l  l i m i t  of 50 scc/min 

a t  14.7 p s i .  

Conclusions 

The LRL a r m ,  when proper ly  assembled and t e s t e d ,  

e x h i b i t s  a l e a k  of less than  50 scc/min a t  f u l l  ope ra t ing  p r e s -  

s u r e .  

nn 
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LRL TEST REPORT NO. 3 

T e s t :  LRL Inner  Arm,  Complete 

Type: S t r u c t u r a l  

D a t e  : January 29,  1967 

Procedure Reference: LRL T e s t  S p e c i f i c a t i o n  No .  3 

R e s u l t s  

The complete inne r  a r m  s u c c e s s f u l l y  withstood 20 p s i  

d i f f e r e n t i a l  p r e s s u r e  f o r  15 minutes. The w r i s t  abduction/ 

adduct ion  r i n g  w a s  la ter  observed t o  have taken  a s l i g h t  pe r -  

manent set, i n d i c a t i n g  t h a t  i t  had been s t r e s s e d  i n  bending 
/ 

s l i g h t l y  beyond its y i e l d  po in t .  Measurements showed t h a t ,  wh i l e  

t h i s  r i n g  is nominally 0.06 inch  6061-T6 aluminum, t h e  edges be- 

came th inned  t o  approximately 0.035 inches  i n  the  draw-forming 

p rocess .  

This  r i n g  (drawing 239169-1) i s  being changed t o  17-7 

TH1050 0.050 inch  s t a i n l e s s  steel, which has  a y i e l d  s t r e n g t h  of 

150,000 ps i  as opposed t o  35,000 p s i  for  t h e  p r e s e n t  6061-T6 

aluminum. It w i l l  be r e t r o f i t t e d  i n t o  each  p ro to type  a r m  b e f o r e  

d e l i v e r y  t o  NASA. 

Conclusions 

The LRL inne r  arm, with r e t r o f i t t e d  w r i s t  abduct ion/  

adduc t ion  r i n g ,  is s t r u c t u r a l l y  sound t o  a t  least 20 psi  differ- 

en t ia l  pressure. 
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TEST REPORT 

- TEST : LRL Overglove Bond Samples 

- TYPE: S t r u c t u r a l ,  Tension 

DATE : D e c e m b e r  27, 1966 

PLACE: L i t t o n  Space Sciences Labora tor ies  

Procedure 

DuPont 88-002 Viton coated Nomex (nylon)  c l o t h  w a s  c u t  

i n t o  1 inch  strips. These s t r i p s  w e r e  bonded t o g e t h e r  using 

e i t h e r  DuPont 5159 o r  Caram V641D Viton adhesive.  A f t e r  cu r ing ,  

t h e  test  strips were p u l l e d  on a t e n s i l e  t e s t i n g  machine equipped 

wi th  fabric p u l l i n g  at tachments .  

R e s u l t s  

I n  g e n e r a l ,  t h e  f irst  ba tch  of samples (see Table I )  

f a i l e d  a t  a l o w e r  load than  the  second ba tch .  T h i s  w a s  considered 

t o  be due t o  t o o  s h o r t  a c u r e  of t h e  f i r s t  samples. 

t l  

The DuPont adhes ive  seemed t o  promote delaminat ion,  expos- " 

i n g  t h e  Nomex fabric upon f a i l u r e .  - 
CLnclusions 

A 1 i n c h  lap bond using Caram V641D Viton adhes ive  g i v e s  

a bond t h a t  i s  as s t r o n g  as or  s t r o n g e r  than  t h e  p a r e n t  f a b r i c .  
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TABLE I. ONE INCH WIDTH VITON/NOMEX FABRIC TEST STRIPS 

BOND TYPE 

1/21? Lap* 

3/41' Lap* 

3/41! Lap 

3/41! Lap 

1 1' h P *  

1"'' F Lap 

11' h P  

1 1/4" Lap* 

1 1/4" Lap 

BOND AGENT 

Caram V641D 

Caram V641D 

Caram V641D 

DuPont 5159 

Caram V641D 

Caram V641D 

DuPont 5159 
J 

Caram V641D 

Caram V641D 

1" Beaded Lap Caram V641D 

FAILUGE 
LOAD - 
70 l b  

60 l b  

115 l b  

115 l b  

85 l b  

125 l b  

90 l b  

110 l b  

125 l b  

135 l b  

TYPE 

Bond Fa i l ed  

Bond F a i l e d ,  broke 
@ 125 lb .  

Bond F a i l e d  

Bond F a i l e d ,  delam- 
i n a t i o n  occurred 

Bond F a i l e d ,  broke 
@ 115 l b  

Parent  Fabr ic  F a i l e d  

Bond F a i l e d ,  delam- - 
i n a t i o n  occurred 

Bond F a i l e d ,  broke 
@ 125 lb .  

Par  e n t  Fab r i c  F a i  l e d  

Bond F a i l e d  

* f fShor t l l  c u r e  of bond 

\ 
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